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Garrod (1952) represents one of the commonest of these oral organisms. The group 3 b of Onisi & Nuckolls (1958) also appears to consist of such organisms.
We have attempted to resolve some of these problems by supplementing cultural, morphological and metabolic studies with chromatographic analyses of cell walls according to the technique of Cummins & Harris (1956 .
MATERIALS AND METHODS
See Table 1 for strains used and their origins. The soil strains of Nocardia were supplied by Dr R. B. Cain of this department.
The isolation and maintenance of Leptotrichia dentiurn and L. buccalis ha.s been described elsewhere (Davis & Baird-Parker, 1959) and so also has the isolation and classification of Lactobacillus spp. (Davis, 1955) , and the isolation of Fusobacterium spp. (Baird-Parker, 1957 (w/v) soluble starch, pH 7.4, in shallow layers. Soil bacteria were incubated a t 28", the rest a t 37O, and the flasks shaken daily to distribute growth. Cells were harvested when good growth was evident, usually 3-5 days.
Lactobacillus strains were cultured in screw-capped bottles containing the following medium : vitamin-free casein hydrolysate 20 g., yeast-extract 5 g., sodium acetate 15 g., glucose 20 g., salts A 5 ml., salts B 5 ml., Tween 80 1 ml., distilled water 1000 ml., pH 7.0. (For salts A and B see Hayward, 1957.) Inoculated bottles of medium were loosely closed, especially in the case of heterofermentative strains, to allow generated gas to escape.
Anaerobic organisms (Leptotrichia buccalis and Fusobacterium) were grown in tightly closed screw-capped bottles completely filled with Baird-Parker's (1957) medium, omitting the antibiotics and dye.
Cells were harvested by centrifuging, and washed three times in distilled water. (In some cases, e.g. Nocardia and Streptomyces, the alkaline ethanol treatment of Cummins & Harris (1958) was applied.) The cell mass was divided into two parts with normally the harvest of 200 ml. of medium in each.
Sugar extructs. One sample of cells was suspended in c. 5 ml. of 2~-H,so, in a tightly closed 20 ml. screw-capped McCartney bottle, and heated for 4 hr. in a steamer. This whole cell hydrolysate was neutralized to pH 4.8 using freshly prepared saturated barium hydroxide solution and methyl red as indicator. Precipitated sulphate and cells were removed by centrifuging and the clear supernatant evaporated to dryness in vacuum over calcium chloride. The extract was re-suspended in c. 0.2-0-5 ml. 10 yo iso-propyl alcohol solution.
Amino acid eztracts. The second sample of cells was made into a thick slurry with water and the cells broken by exposing them to high-frequency vibrations using a 'Mullard' 60 W. ultrasonic drill fed by an amplifier, supplying 180 W. a t 20,000 kc./s.
The rate of cell breakage by this method varies greatly with different types of organism. Gram-negative organisms (Fusobacterium, Escherichia coli) break readily (1-2 min. exposure) ; Gram-positive filamentous bacteria (Streptomyces, Corynebacterium, etc.) require 20-30 min. ; small Grampositive bacilli (certain lactobacilli) and coccal forms are difficult to rupture, requiring 1 hr. or more. Broken cells were centrifuged, resuspended in, 0-5 Yo trypsin solution, and solid sodium bicarbonate added to produce c. pH 8-6. trypsin digestion was carried out at 3 7 ' for 12-18 hr.; the cell walls were centrifuged, washed three times in distilled water, and resuspended in c. 5 ml. 6 N-HC1. Hydrolysis was carried out in tightly closed screw-capped McCartney bottles by autoclaving at 25-30 lb./sq.in. pressure for 4 hr. The hydrolysate was filtered through sintered glass (porosity no. 4), evaporated to dryness on a steam bath, re-dissolved in 1-2 ml. 10 yo iso-propyl alcohol, one spot of concentrated ammonia added and the extract refiltered, evaporated dry and re-dissolved in c.. 0.8 ml. 10 yo iso-propyl alcohol.
Chromatography. Amino acid and sugar extracts were analysed by paper chomatography using the descending, one-dimensional method, and Whatman no. 1 paper.
Each extract was run in two solvents. Owing. to the varying concentrations of different extracts, it was found advantageous to run each extract at three or four concentrations upon the chromatogram. This was achieved by using a platinum loop to load the chromatogram, applying, for example, 2, 6 and 10 spots while gently heating with a hair-dryer to control the spot size.
Sugar chromatograms were air-dried, dipped in aniline hydrogen phthalate and heated at 105" C. for 5 min.
Amino acid chromatograms were sprayed with 0-25 yo (w/v) ninhydrin in acetone and heated at 105' C. for 5 min.
The isomers of diaminopimelic acid were differentiated, as far as this is possible, using Hoare & Work's (1957) method.
Amino acids : (a) Iso-propyl alcohol (70) +acetic acid (10) +water (20). 100 ml.) in an atmosphere of ammonia.
Biochemical and cultural characters
It is commonly stated that biochemical and cultural characters are of little value in differentiating Gram-positive filamentous bacteria into definite groups. In view of the small numbers of strains here described we would not dispute this statement, but simply record the results of certain tests which seem to us to be of possible value in the characterization of the aerobic types we have studied ( Table 2 ). The differentiation of Leptotrichia buccalis from L. dentium has been described (Davis & Baird-Parker, 1959) and the characteristics of Fusobacterium spp. will form ,the basis of a subsequent publication.
Casein digestion and Xanthine and Tyrosine dissolution tests were carried out as described by Gordon & Mihm (1956 ). Gelatin liquefaction was tested by the method of Frazier (1926). Routine methods were used for the remaining tests.
RESULTS
The results are set out in Tables 2-4 . In recording the cell-wall patterns we have adopted an arbitrary method whereby the major components are scored as positives and the minor components as traces. Using the relatively simple chromatographic methods here described it is considered safest to allow taxonomic significance only to major components, and as can be ,seen in Table 3 this renders the classification of organisms into groups a t generic level quite easy. Seven such groups were differentiated and their salient cell-wall characteristics are compared in Table 4 . The analyses obtained for Streptomyces, Nocardia and Lactobacillus spp. agree in the main with those reported by Cummins & Harris (1956, 1958) . It will be noted that most of the bacteria yield ribose upon sugar analysis; this is to be expected in view of the presence of rihonucleic acid in bacteria; it is unlikely, however, that any other sugar is commonly present in large amounts in the cytoplasm or nucleus and the nonribose sugars detected in whole cell hydrolysates may be assumed to be cellwall components. We have compared sugar analyses of whole cells and cell walls in a few representative strains and found them to be identical. Amino sugars, which appear to occur almost universally in bacterial cell walls, were not readily detected by the methods here described. They could not be picked out upon the amino acid chromatograms, but were often noticeable in the sugar runs. However, the latter method does not allow their clear differentiation in most cases and spots representing .glucosamine, galactosamine or muramic acid are therefore recorded under a common heading as hexosamines ( Table 8) .
DISCUSSION
The classification of bacteria must depend upon information obtained by the use of various techniques. Chemical analysis of bacterial cellular components appears to be a -useful method of .confirming taxonomic groupings and in some cases clarifying relationships, which may be otherwise obscure, between certain bacteria.
In the present study we have tried to keep the technical work within the scope of the non-specialist and extract the maximum of useful information by. the simplest means, hence the use of whole cell hydrolysates for sugar analyses and one-dimensional chromatography. The questions posed in the introduction to this paper may be answered as follows:
Leptotrichia dentium resembles the genus Nocardia in cell-wall amino-acid pattern, but differs from it in sugar pattern. No relationship with the genus Streptomyces is indicated.
Leptotrichia dentium and L. buccalis exhibit the same amino acid patterns but differ by the absence of arabinose in the sugar component of L. buccalis. Whether these results indicate that the two organisms may be regarded without doubt as two species of a single genus depends upon the taxonomic significance placed upon the amino-acid and sugar patterns respectively. It has been suggested that the amino-acid patterns characterize genera and sugar patterns species, but too little evidence is yet available to prove this idea. In the Nocardia-Corynebacterium-Mycobacterkm group of genera there appears to be little variation in either pattern between different species or even genera (Cummins & Harris, 1958) . Although lacking final proof it therefore seems reasonable to retain the genus Leptotrichia as distinct from, but closely related to, the genus Nocardia and to retain L. dentium and L. buccalis as its two species.
Among the lactobacilli, Lactobacillus plantarum and L. casei show cell-wall patterns grossly similar to Leptotrichia buccalis in both amino acids and sugars. In contrast to such groups as Nocardia-Mycobacterium referred to above, there is considerable variation of pattern between species of the genus Lactobacillus and upon the basis of cell-wall pattern and physiology the inclusion of Leptotrichia buccalis as a species of the genus Lactobacillus would not appear anomalous. Morphologically, however, no Lactobacillus sp. resembles the distinctive Leptotrichia buccalis form, nor is it feasible to place L. dentium with the lactobacilli on morphological or physiological grounds. The question thus resolves into the choice between placing L. buccalis in the genus Lactobacillus and Leptotrichia dentium in the genus Nocardia, with neither grouping being perfect, or retaining the genus Leptotrichia as suggested above. Fusobacterium spp. have a cell-wall pattern distinguished by its relative complexity and the presence of a distinctive slow running component of unknown composition. Amino acid complexity is characteristic of the cell walls of Gramnegative species. The slow running component runs slower than diaminopimelic acid in the iso-propyl alcohol solvent, and in Hoare & Work's solvent it can be separated into two slow running spots.
The Nocardia-like aerobic actinomycetes isolated from the human mouth for this study are not classifiable as members of the genus Nocardia on the evidence of cell-wall patterns, They lack both diaminopimelic acid and arabinose, and upon the results so far available appear to have a cell-wall composition very like the true, microaerophilic Actinomyces of human origin (Cummins & Harris, 1958) . If this classification should prove correct the definition of the genus Actinomyces will require modification to include aerobic non-pathogenic organisms of this type.
It is interesting to note that the soil Nocardia strains are identical in cellwall composition with Nocardia asteroides, which is morphologically quite different from them in that it produces aerial chains of spores. The only Nocardia spp. investigated by Cummins & Harris (1958) which was not of animal origin, was N . gardneri and this turned out to be a Streptomyces. Although Nocardia is predominantly a saprophytic genus, the atypical animal strains are commonly used as examples of the group; our results show that Nocardia spp. from saprophytic and parasitic sites, differing widely in morphological potential, nevertheless form a cohesive group in terms of cell-wall composition.
Upon biochemical as well as cell-wall characters the NCTC strain 4523 called Actinomyces buccalis should be re-classified with Streptomyces.
